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ABSTRACT OF THE DISCLOSURE 
A coating composition that can be applied to optical 
plastic moldings having a high refractive index, to pro- 
tect them from deterioration by light without any adverse 
effect on their optical functions. The coating composi- 
tion contains the following essential constituents. 

(A) 1 part of a hydrolyzate of a silane compound; 

(B) 0.2-5 parts of titanium oxide-based composite fine 
particles having a particle diameter of 1-100 na in 
vhic'r titanium ox\de integrally combines vith^iron 
oxide, with the ratio of iron oxide to titanium oxide 
being 0.005-0.15 by weight; 

(C) ' 0.02-0.5 part of an unsaturated or saturated poly&ar- 

boxylic acid or an anhydride thereof; and 

(D) 0.01-0.2 part of a heat -curing . ^«j»yst. 
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COATING COKPOSITION FOR OPTICAL PLASTIC MOLDINGS 
B ACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invenrion relates tc a coatir.g ceaposi- 
tion for optical plastic moldings. Tie tern "optical 
plastic moldings* as used in this specification implies 
plastic moldings for use as spectacle lenses, camera 
lenses, and other optical parts. 

2. Description of the Prior Art: 

Optical plastic moldings are expected to find use in 
various fields on account of their outstanding character- 
istic properties such as' light weight, good processabil- 
ity, and high impact resistance. However, their use has 
been limited cwing to their lov hardness and poor resis- 
tance to scratch, lighr, and he2t. They tend to decrease 
in hardness and resistance to scratch and light as they 
increase in refractive index. To eliminate these disadvan- 
tages; optical plastic moldings are usually provided with 
hard coating filxa. The present inventors had previously 
proposed a coating composition for this purpose (Japanese 
Patent Publication No. 42665/1982). It is composed of a 
silane compound having an epoxy group, carbox/lic acid, 
and curing agent and is applicable to dyeable optical 
plastic moldings. It has been put to practical use. 

Unfortunately, titis coating composition has been 
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found to have a disadvantage that it brings about optical 
interference when it is applied to optical plastic sold- 
ings having a refractive index higher than 1.6, because it 
gives rise to a coating film having a refractive index in 
Che neighborhood ^f 1.5. The interference is detrimental 
to the performance of the optical plastic Holdings. 
Another disadvantage is that the coating film becomes poor 
in adhesion as the optical plastic moldings are deterio- 
rated by light. 

' SUMMARY OF THE INVENTION [ 

The -present invention was completed to. eliminate the 
above-mentioned disadvantages. .It is an object of. the 
present invention to provide a coating composition for 
optical plastic Hidings which has no adverse effect on 
the optical performance when applied to optical plastic 
moldings having a high refractive index and yet ; completely 
protects optical plastic noidings from deterioration by 
light 

The first aspect of the present invention is embodied 
in a coating composition for optical plastic moldings 
which comprises: 

;A) 1 part by weight of a hydrolyzate of a silane 
compound; 

(B) 0.2-5 parts by weight of titanium oxide-based 
composite fine particles having particle diameter of 
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1-100 nits in which titanium oxiae integrally combines with 
iron oxide, with the ratio of iron oxide to titanium oxide 
being 0.005-0.15 by weight; 

(C) 0.02-0.5 part by weiaht of an unsaturated or 
saturated polycarboxylic acid or an anhydride thereof; and 

(D) 0.01-0.2 part by weight of a heat-curing cata- 
lyst* 

The second aspect of the present invention is embod- 
ied, in a coating composition for optical plastic moldings 
which comprises: 

(A) 1 part by weight of a hydrolyzate of a silane 
compound; 

(B) 0.2-5 parts by weight of titanium oxide-based 
composite fine particles having a particle diameter of 
1-100 nm in which titanium oxide integrally combines with 
silicon oxide, with the ratio of silicon oxide to titanium 
oxide being 0.03-0-7 by weight; 

<C) 0.02-0.5 part by weight of an unsaturated or 
saturated polycarboxylic acid or an anhydride thereof; and 

(D) 0.01-0.2 part by weight of a heat-curing cata- 
lyst. 

According to the present invention, the coating 
composition for optical plastic moldings has a specific 
composition as mentioned above, so that, when it is ap- 
plied onto a substrate (plastic molding) and then cured. 
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it f crms a coating film which completely protects the ■ 
plastic molding from deterioration by light, without 
impairing its ooticai properties, no matter how high its 
refractive index might be. 

In other words, the coating composition of the pres- 
ent invention differs from the conventional one of the 
same kind in that it is composed of an organosilico.i 
compound (as the major constituent), special titanium 
oxide-based composite fine particles, and a reactive 
polycarboxylic acid (or- anhydride thereof )', * and a curing 
agent. It forms a coating fila having good resistance to 
weathering, impact, heat, hot water, chemicals, and wear, 
and good clarity, flexibility, dyeability, and adhesion to 
deposited metal film. The coating film conforms co any 
optical plastic molding, no matter its refractive index. 
DETAILED DESCRIPTION OF THE INVENTION 
The constituents of the coating composition are 
explained in what follows. (Their amounts are expressed 
in terms of parts by weight, unless otherwise specified. 

(A) Hydrol> -ate of silane compound: 

il) The silene compound is not specifically re- 
stricted, but the one having an epoxy group as represented 
by formula (1) below is preferable. 
- R. l R b *SiCOR J ) 4 _ to . w ... (i) 

(where R 1 denotes a C,_, organic group having an epoxy 
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group; R 2 i;. a C,., hydrocarbon group, haiogenated hydrocar- 
bon group, or aryl group; a* is a C>_ alkyl group, aUoxy 
group, or acyl group; and a ■ 1, b » I or 2,J 

Examples of the silane ccmpojnd are given below. 
glycidoxymethyltri.T,ethoxysilane # 
glycidoxymethyltriethoxysilane, 
glycidoxymethylt-ripropoxysilane, 
glycidoxymethyltributoxylsilane, 
a-glycidoxyethyltrimethoxysilar.e r 
a-glycidoxyethyltriethoxysilar.e 
a-glycidoxyethyltripropoxysilane, 
a-glycidoxyethyltributoxysilane, 
P-glycidoxyethyltrimethoxysilane, 
P-glycidoxyethyltriethoxysilane, 
P-glycidor.yethyltripropoxysilar.*», 
p-glycidoxyethyltributoxysilane, 
a-gLycidoxypropyltrimethoxysilane # 
a-glyctdoxypropyltriethoxysilane, 
a-alycidoxypropyl t ripropoxysi lane, 
a-glycidoxypropyltributoxysilane, 
P-glycidoxypropyltrimethoxysilane, 
P-glycidoxypropyltriethoxysilane, 
P-glycidoxypropyltripropoxysiiane, 
P-glycidoxypropyltributoxysilaae, 
7-glycidoxypropyltrimethoxysilane, 



7-glycidoxypropyltriethoxysUane, 

Y-ylycidoxypropyltributoxysilant, 

a-glycidoxybutyltrimethoxysilane, 

a-glycidoxybutyltriethoxysilane, 

a-glycidoxybutyltripropoxysilane, 

ct-glycidoxybutyltributoxysilane, 

(J-g 1 y c i doxy but y 1 1 r imethoxy si 1 ane , 

p-glyci;loxybutyltriethoxysilane, 

p-glycidDxybutyltripropoxysilane, 

P-giycido.<ybutyltributoxysi:anev 

7-glycidoxybutyltrin.etboxysilane, 

T-glycidoxyj?utyltriethoxysilane, 

Y-g 1 y c i do xy b-.ir. y 1 1 r i pr opoxy s i 1 ane , 

TT-glycidoxybutyitributoxysilane, 

glycidoxymethylr&ethyldimethoxysilane, 

glycidoxyrcethylmothyldiethoxysilane, 

glycidoxymethylaethyldipropoxysilane, 

glycidoxymethylmeth;'lc:ibutoxysUane, 

a-glycidoxyethylmethyldimethoxysilane, 

a-giycidoxyethylmethyldiethoxysilane # 

a-glycidoxyethylmethyldipropoxysilane, 

a-glycidoxyethylmethyldibutoxysilane # 

P-glycidoxyethylmethyldiroethoxysilane, 

p-^lycidoxyethylinethyldiethoxysilane, 

a-glycidoxypropylethyldimethoxysilane. 
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a-g lycidoxypropy lathy ldiethoxysi lane, 
p-glycidoxypropylethyldimethoxysilane, 
7-glyci doxypropylethyldipropoxysilane, 
7-g lycidoxypropy lethylbutoxysilane. 

(2) It is desirable that the above-mentioned silane 
compound be used in combination with a tetraalkoxy silane 
represented by the formula (2) below. 

Si (OR 1 ) « ... (2) 

(where R l denotes an alkoxy group or alkoxyalkyl group.) 

'Examples of the tetraalkoxysilane are given below, 
tetramethoxysilane, 
tetraethoxysilane, 
t e t rapropoxy s i 1 ane , 
tetrabutoxysilane, 
tetramethylmethoxysilane, 
tetraethylethoxysilane, 
tetrapropylpropoxysilane, 
tetrabutyl butoxysltane. 

(3) The silane compound having an epoxy group repre- 
sented by the formula (1) above imparts wear resistance, 
impact resistance, hot water resistance, dyeability, 
clarity, and flexibility to the coating film (hard coat) . 
The tetraalkoxy silane represented by the formula (2) 
above imparts wear resistance to the coating film but 
hardly imparts hot water resistance and flexibility to the 
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coating film unlifce the former silane compound. The 
coating composition of the present invention contains 
either or both of these sil«ne compounds. In the latter 
case, the ratio of the first silane compound to the second 
should preferably be from 1:0.1 tc 1:2 by weight- 
ed) The silane compound shoulo be hydrolyzed with 
pure water or an acidic aqueous solution (such as dilute 
hydrochloric acid) . The hydrolysis may be accomplished 
after the silane compound has been mixed with a solvent. 
Examples of the solvent include lower alcohols, ketones, 
ethers, toluene, xylene, and monof unctional epoxy com- 
pounds. To accelerate the initial condensation reaction, 
the resulting solution should be refluxed at 50-80°C for 
5-8 hours; alternatively, the solution should be allowed 
to stand at room temperature for 24-84 hours. 
(B) Titanium oxide-based composite fine particles: 

^(1) The titanium oxide-based composite fine parti- 
cles differ in composition depending on the embodiment. 
According to the first embodiment, they are composed of 
titanium oxide and iron oxide which are integrally com- 
bined with each other. According to the second embodi- 
ment, they are composed of titanium oxide and silicon 
oxide which are integrally combined with each other. 

In either embodiments, the titanium oxide-based 
composite fine particles should be used in an amount of 
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parts (prcterasiy 0.5-3 parts) for I part cf the 
hycrciyzate cf the si lane compound. With an atr-ount less 
than C.2 part, they tic r.ot saite the coating f-ln to screen 
near ultraviolet rays. With an ar.:?«:nt in exress of 5 
parts, they cause the whitening cf the coating film and 
reduce The scratch resistance of the coating file 

They should hsve a particle diameter of 1-100 nm 
(preferably 2-60 nm) . with a particle diameter smaller 
than 1 nm, they do not improve the scratch resistance and 
refractive index of the coating filn. With a particle 
diameter larger than 100 nm, they cause the whitening of 
the coating. filn. 

(2) In the titanium oxide-based composite fine 
particles, titanium oxide combines with iron oxide or 
silicon oxide to form (a) a chemically combined composite 
oxide or (b) a solid solution, with titanium oxide dis- 
solving iron oxide or silicon oxide therein. 

The titanium oxide-based composite fine particles 
suppress the optical activity without impairing the char- 
acteristic properties (high refractive index) , unlike the 
conventional fine particles made up of titanium oxide 
alone. Therefore, they protect both the coating film and 
substrate (optical plastic molding) from deterioration by 
near ultraviolet rays. 

In the first embodiment, the ratio of iron oxide to 



- 9 - 



2071592 



titanium oxide snould t>e 0.005-0.15 (preferably G.vi-Q.7i. 
With a ratio lever than 0.005, hardly the Dptical activity 
of titanium oxide can inhibit, witi the result that the 
substrate (optical plastic mclaing; deteriorates arvi tne 
crating film itself also deteriorates, leasing to yellowing 
and poor adhesion. "Witn a ratio it* excess of 0.15. the 
fine particles brinqs about the coloring cf the coating 
film by iron oxicie, which limits tte application area of 
the coating film for optical plastic molding. 

In the second embodiment, the ratio of silicon oxide 
to titanium oxide should be 0.03-0." (preferably 0.C5-0.5). 
Vith a. ratio lower than 0.03; hardly: the optical activity 
of titanium oxide can inhibit, with tne result lhai the 
substrate (optical plastic molding) deteriorates and the 
coating film itself also deteriorates, leading to yellowing 
and poor adhesion. With a ratio in excess cf -0.7. silicon 
oxide makes titanium oxide less effective in improving the 
refractive index of the coating fila. This makes the coat- 
ing film unsuitable for optical plastic moldings having a 
high refractive index and hence limits the application area 
of the coating film. 

The titanium oxide-based composite fine particles in 
the first embodiment may also be incorporated with silicon 
oxide, so as to improve their compatibility with the above- 
mentioned si lane compound at the time of preparation of 
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the coacju? cuapot 1 t iou and tc improve the light res :s- 
tan:e ot tr.e coe*tir*g riis. In this case, the ratio oi 
:icn oxide to titanium oxide should be 0.G0S-1.0. pretera- 
t>Iy O.Gl-Q."?. and tho ratio of silicon cxide to txtaaiua 
oxide plus iron oxide should De 0.03-3.7. preferably COS- 
0.5. With a ratio of silicon oxide lewer than 0 .COS. the 
fine particles are poor in compatibility with the siiane 
compound orul hence the coating composition has a short pot 
life. Conversely, witn a ratio of silicon oxide higher 
than 0.7. the fine particles do not laprove the refractive 
index of ihe coating film and hence the resulting coating 
film xs not suitable for optical plastic moldings having a 
high refractive index. 

t3) T\*» combination of titanium oxide with iron 
oxide may be accomplished ;rs the usual way (as disclosed 
in, for example. Japanese Patent Laid-open No. 178219/1990 1 
by def locc^zla ting hydrated titanium oxide sol and hydrated 
iron oxide sol by the aid of an acid, dissolving the 
de flocculated product in hydrogen peroxide, and heating 
the solution for hydrolysis. Similarly, the combination 
of titaniun oxide with iron oxide and silicon oxide may be 
accomplished by def locculatmg hydrated titanium oxide sol 
and hydrated iron oxide sol by the aid of an acid, dissolv- 
ing the def locculated produrt" in hydrogen peroxide, adding 
a dispersion of silicic acid, for example, which is 
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prepared t nrousja de<i* ica I *iat ion cr an <«ti ; x cate 
aqueou: soluticr., ar«2 heatinq me solution tor nydrolys^.s. 

Tue :nu» uhtain*?d ^.vrtrclyzate is * disper»ion cr 
f;ne p^rticies. This hydroivrate is piereraoly rerir.eri 
»;th iron exchange, reverse csaosis. ultrafiltration or 
vacuum evaporation diic so cn. 

t -i i ?r.* titanium oxide-Cased composite tine parti- 
cles should preferably r>e treated *itri j silar.e coupling 
agent :or surface modification. The surracc aerification 
inprovee the compatibility of the tine particles with trie 
s 1 1 ane <?ompcu;:d . w ; t n t he r esu It r r.a t r r.e coa t . nc; comj os i * 
tion has. improved scratch resistance. 

The surface modification makes the composite fine 
particles readily dispersible as the result of blocicir.? 
witn a silar.e coupling agent the hydroxy! groups of tita- 
nium oxide, iron oxide, and silicon oxide. Examples cr 
the si lane couplinq agent fas surface modifier) include 
tet raa\ethoxysi 1 ane. methyl t rime thoxys 1 lane, trtmethyl- 
chlorosilane. vinyl triethoxysi lane, y -glyci doxy p ropy i - 
triethoxysilane. and y -glycidoxypropyimethyldiethoxy- 
si lane. The surface modification nay be done in the 
usual way by, for example, dipping thtr fine particles :n 
an alcohol solution of the silane coupling agent. 
(C) Polycarboxylic acid: 

(1) The polycarboxylic acid is either saturated one 
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or unsaturated one or an anhydride thereof. It should be 
used in an amount of 0.C2-0.5 part, preferably 0.05-0.4 
part, for 1 part of the hydrolyzate of the silane com- 
pound . 

The polycarboxylic acid causes silanol groups" tc 
condensate after hydrolysis of the silane compound, giving 
rise to a polysiloxane having a carboxyl group in the side 
chain, so that the resulting coating composition is dye- 
able and provides a coating film having good resistance to 
heat, hot water, and wear, gsod antistatic property, and 
high surface hardness. In addition, the polycarboxylic 
acid also functions as a cocatalyst to activate the heat- 
curing catalyst mentioned later. 

With an amount less than 0.02 part, the polycarbox- 
ylic acid is not enough to improve the coating filiu in hot 
water resistance, wear resistance, and surface hardness. 
With an amount in excess of 0.5 part, the polycarboxylic 
acid blooms to impair the appearance of the coating film. 

(2) Examples of the polycarboxylic acid include 
maleic acid, maleic anhydride, fumaric acid, fumaric 
anhydride, itaconic acid, itaconic anhydride, citraconic 
acid, citraconic anhydride, malic. acid, malic anhydride, 
tetrahydrophthalic acid, nadic anhydride, chloromaleic 
acid, HET acid (chlorendic acid) , trimellitic acid, tri- 
mellitic anhydride, pyromellitic acid, and pyromellitic 
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anhydride. Of these examples, maleic acid, itaconic acid, 
trimellitic acid, and triraellitic anhydride are prefera- 
ble. 

(D) Heat- curing catalyst: 

(1) The heat-curing catalyst catalyzes the polymer- 
ization of epoxy groups in the si lane compound and the 
polycondensation of silanol groups, thereby increasing the 
degree of crosslinking of the coating film resin; 

The heat-curing catalyst should be used in an amount 
of 0.01-0.2 part, preferably 0.02-0.15 part, for 1 part ox 
the silane compound. With an amount less than 0.01 part, 
it does not impart sufficient hot water resistance, wear 
resistance, and surface hardness to the coating film, 
with an amount in excess of 0.2 part, it blooms to impair 
the appearance of the coating film. 

(2) Examples of the heat-curing catalyst include 
imidazole compounds represented by the formula (3) below. 

R, rr 

N N 
R* 

<where R 1 denotes hydrogen or a Ci_ 3 cyanoalkyl group; R* 
denotes hydrogen, a phenyl group, or a C lo alkyl group; R* 
denotes hydrogen or a C x _ 3 alkyl group, cyanoalkyl group, 
£.lkoxyalkyl group, or hydroxymethyl group; and R 4 denotes 
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hydrogen, a hydroxymethyl group, or a C UJ alkoxyalkyl 
group . ) 

Examples of the imidazole compounds are given below. 
2-methy 1 imida zole , 
2-ethylimidazole, 
2-ethyl-4-ethylimioazole, 
2-propyliroidazole, 
2-propyl-4-raethylimidazole, 
2-propyl-4-ethyiimidazole, 
2-phenyl imidazole, 
2-pheny 1-4 -methyl imidazole, 
l-cyanomethyl-2-methy limidazole, 
i-cyanoethy 1-2 , 4 -dimethy limidazole, 
l-cyanoethyl-2-propylimidazole, 

1- cyanoethyl-2-phenylimidazole, 

2- phenyl-4-methyl-5-hydroxymethyliuidazole, 
2-phenyl-4, 5-dihydroxymethylimidazole, 
1-cyanoethy 1-2 -phenyl -4, 5-dicyanoethoxy imidazole. 

Of these examples, the following in which the substi- 
tuent R 1 is a cyanoalkyl group are preferable. 
l-cyanoethyl-2-methylimidazole, 
1-cyanoethy 1-2, 4 -dimethy limidazole, 
l-cyanoethyl-2-propylimidazole, 
l-cyanoethyl-2-phenylimidazole, 
l-cyano-2-phenyl-4, 5-dicyanooethylimidazole . 
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In addition to the above-mentioned imidarole com- . 
pounds, the heat-curing catalyst includes dicyandiamide, 
Reinecks's salt, and acetylacetone metal salt represented 
by the formula (4) below. 

M (CH 2 COCH 2 COCHj) ft (4) 
(where M denotes Zn (in) , Co (in), Fe (in), Cr (in), or 
Al (in) ; and n is an integer of 2 or 3 which corresponds 
to the valence of M. 

(E) Preparation and application of the coating composi- 
tion: 

(1) The coating composition of the present invention 
should preferably be incorporated with a variety of addi- 
tives to improve the performance of the coating film. 

Examples of the additive to improve the adhesion of 
the coating film to the substrate (optical plastic mold- 
ing) and to improve the dyeability of the coating film 
include polyolefin-based epoxy resin, polyglycidylester 
resin, polycondensate of epichlorohydrin and bisphenol A, 
glycidyl methacrylate, and acrylic copolymer. 

Examples of the additive to protect the substrate 
from ultraviolet rays include benzophenone-based, benzo- 
triazole-based, and phenol-based UV light absorbers. 

The coating composition may also be incorporated with 
a silicone-based or fluorine-based surfactant as a level- 
ling agent to improve the smoothness of the coating film. 
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(2) The coating composition of the present invention 
may be applied in the usual way by brushing, rolling, 
spraying, spin coating, or dipping. Application should be 
performed such that the coating thickness after drying is 
0.5-20 Jim, preferably 1-7 Jim. 

Prior to application, the substrate should undergo 
pretreatment such as degreasing (with an arid, alkali, 
detergent, or solvent) , plasma treatment, and ultrasonic 
cleaning. ^ 

After application, the coating composition oC the. 
present invention' should be cured by heating at €0-150*C, 
preferably 80-100°C, depending on the substrate, for 2-3 
hcurs . 

(3) The coating composition of the present invention 
may be applied to those substrates (optical plastic mold- 
ings) made of polymethyl methacrylate, polycarbonate, 
polystyrene, polyester, polyurethane, poly t hi our ethane, 
aliphatic aryl carbonate, and aromatic aryl carbonate. 

EMBODIMENTS 

The invention will oe described in more detail with 
reference to the following Examples and Comparative Exam- 
ples, which are not intended to restrict the scope of the 
invention. 

(A) Substrates and heat-curing catalysts: 

(1) A molded product of polycarbonate ("Lexan* made 
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by General Electric, was used as the substrate in Examples 
1 to 3, and 1A to 3A, and Comparative Examples 1 to 3. A 
spectacle lens (specified below) was used as the substrate 
in Examples 4 to 10/ and 4A to 10A, and Comparative Exam- 
ples 4 to 6, 4A to 6A, and ? and 9. 

The spectacle lens (30 mm in diameter, 2 mm thick at the 
center, and diopter -2.00D) was molded by casting from a 
monomer mixture composed of 90 parts of diallyl diphenate, 
10 parts of urethane aery late ("NKU-^OOAX* made by Shin- 
Nakamura Kogyo Co., Ltd.), and 4 parts of diisopropyl 
peroxydicarbonate . 

(2) Heat-curing catalysts are identified by the 
following codes . 

IM-4 2-ethyl-4-methylimidazole, 

IM-8 . 2-phenyl-4-methylimidazole, 

IM-12 l-cyanoethyl-2-raethylimidazole, 

(B) The coating film was tested for performance in the 
following manner. The results are shown in Tables 1 to 3. 
(a) Wear resistance test 

Wear resistance was tested by rubbing the sample with 
steel wool (10000) and rated according to the follow- 
ing criteria. 
A : hardly scratched 
B : slightly scratched 
C : heavily scratched 
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(a) Surface hardness test 

Surface hardness was tested using a pencil scratch 
tester (1 kg load) according to JISK-5400. The re- 
sult is expressed in terms of the highest pencil 
hardness at which the sample was not scratched. 

(c) Appearance test 

Appearance was evaluated by observing the presence or 
absence of interference fringe and haze. 
The observation of interference fringe (iridescent 
color) was accomplished by causing the sample to 
reflect the light from a fluorescent lamp* in a dark 
roon. <* three-wavelength type, daylight color, 
"Luplca-Ace'' 15W, made by Mitsubishi Electric Corpo- 
ration.) Rating is based on the following criteria. 
A : no iridescent color 
B : slight iridescent color 
C : apparent iridescent color 

The observation of haze was accomplished by causing 
the sample to transmit light from a fluorescent lamp 
(as mentioned above) in a dark room. 

(d) Adhesion test 

Adhesion was tested according to JISD-0202 and the 
result is expressed in terms of the number of cross 
cuts (out of 100) which remained after three repeti- 
tions of peeling by cellophane adhesive tape. 

) 
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(e) Hot water resistance test 

Hot water resistance was evaluated by observing the 
appearance of the sample and the adhesion of the 
coating film after the sample had been immersed in 
boiling water (100°C) for 1 hour. 

(f) Weather resistance test 

weather resistance was evaluated by observing the 
appearance of the sample after exposure for 400 hours 
in an accelerated weathering tester ("Sunshine Super- 
longlife Weather-o-meter" made by Suga Shikenlci Co., 
Ltd;) 

<g) Dyeability test 

Dyeability was evaluated by measuring the decrease of 
light (at 550 no) passing through the sample which 
had been dipped in a dye solution for 5 minutes. The 
dye solution was prepared by dissolving 0.4 part of 
dye ("Dianix Brown 2B-FS" made by Mitsubishi Chemical 
Industries Ltd.) and 0.4 part of surface active agent 
("GNK-01* made by Ninon SenJca Kogyo Co., Ltd.) in 100 
parts of hat water (90°C) . The decrease of light was 
measured using a luminous transmittance factor meter 
("Core SMS-1" made by Uji-Kodensha Co., Ltd.). The 
dyeability is rated according to the following cri- 
teria. 

good : decrease of light more than 30% 
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fair : decrease of light from 20% -.o 30% 
poor : decrease of light less tnan 20% 
Examples 1 tc 3 and 1A to 3A 

(1) Preparation of hydrolyzate of silane compound 

125 parts of 7-glycidoxypropyltrimethoxysilane and 
110 parts of tetraethoxysilane were mixed with 54 parts of 
0.01N aqueous solution of hydrochloric acid by stirring at 
60 rpm for 1 hour. The solution was diluted with 92 parts 
of methyl alcohol and 200 parts of methyl ethyl ketone by 
stirring for another 1 hour. The solution was allowed to 
stand at room temperature for 24 hours. The resulting 
hydrolyzate is designated as HG-40 hereinafter* 

(2) Preparation of coating composition 

290 parts of HG-40 was mixed with the titanium oxide- 
based composite fine particles as specified below. 

(a) In Examples 1 to 3: 45 parts of "Optolake- 
1130F" (made by Catalysts and Chemicals Industries Co., 
Ltd.) TiO J /Fe 2 0 J = 98/2, particle diameter * 15 nm, solids 
content * 30%, dispersing medium =* methyl alcohol, surface 
modifier «= tetraethoxysilane. 

(b) In Examples 1A to 3A: 60 parts of "Queen Titan- 
ic-11*' <made by Catalysts & Chemicals Industries Co., 
Ltd.) TiOa/SiO, - 85/15, particle diameter » 15 nra, solids 
content * 30%, dispersing solvent » methyl alcohol, sur- 
face modifier » tetraethoxysilane, 
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Subsequently, 12 parts of itaconic acid was added by 
stirring at 120 rpra for 1 hour. Finally, 4 parts of 
imidazole compound (as the curing agent) as shown in Table 
1 was added by stirring for 2 hours. 

(3) Pretreatment of substrate 

The substrate was immersed in a 0*05% solution of 
alkali cleaning agent ("Siliron RS" made by Hakusui Henkel 
Kogyo Co., Ltd.) at 50°C for 3 minutes, followed by rins- 
ing and oven drying. 

(4) Formation of coating film 

The coating composition was applied to the pretreated 
substrate by dipping (at a pull-up rate of 70 mm/min) . 
Curing was carried out at 100 *C for 2 ^ours. 
Examples 4 to 6 and 4A to 6A 

(1) Preparation of hydroiyzate of silane compound 

200 parts of Y-glycidoxypropyltrimethoxysilane and 35 
parts of tefcraethoxysilane were mixed with 92 parts of 
methyl alcohol and 54 parts of 0.01N -aqueous solution of 
hydrochloric acid by stirring at 60 rpm for 2 hours. The 
solution was diluted with 200 parts of isopropyl alcohol 
by stirring for another 2 hours. The solution was allowed 
to stand at room temperature for 24 hours. The resulting 
hydroiyzate is designated as HG-41 hereinafter. 

(2) Preparation of coating composition 

290 parts of HG-41 was mixed with the titanium oxide- 
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based composite fine particles as specified below. 

U) In Examples 4 to 6: 95 parts of *Optolake- 
1130F-1" (made by Catalysts and Chemicals Industries Co., 
Ltd-) TiO,/Fe,O a « 95/5, Si0 2 /(TiO, + Fe 2 0,) * 10/90, parti- 
cle diameter « 15 nm, solids content « 30%, dispersing 
medium » methyl alcohol, surface modifier « vinyltri- 
ethoxysilane. 

(b) In Examples 4A to 6A: 105 parts of "Queen 
Titanic-11-1 - (made by Catalysts and Chemicals Industries 
Co,, Ltd.) TiO>/SiO, « 70/30, particle diameter « 15 nm, 
solids content * 30%, dispersing medium * methyl alcohol, 
surface modifier » tetraethoxysilane. 

Subsequently, 12 parts of polycarboxylic acid as 
shown in Table 2 was added. Finally, 5 parts of acetyl- 
acetone zinc and 0.5 part of levelling agent ("Florad FC- 
430, made by Sumitomo 3H Co., Ltd.) were added* 

(3) Pretreatment of substrate 

The substrate was immersed in a 10% aqueous solution 
of sodium hydroxide (at 50°C) for 10 minutes, followed by 
rinsing for 5 minutes, immersing in pure water for 3 
minutes, and oven drying. 

(4) Formation of coating film 

The coating composition was applied to the pretreated 
substrate by dipping (at a level lowering rate of 90 
mm/min) . Curing was carried out at 100°C for 2 hours. 
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Examples 7 and 

The ccatir.g composition was prepared as follows; 
290 parts of HG-40 was mixed with the titanira oxide-based 
composite fine particles as specified bslow. 

(a) In Example 7: 90 parts of *Optolaxe-1130F-2 - 
laade by Catalysts and Chemicals Industries Co., Ltd.) 
liOj/FejOj - 98/2, SiO,/ (TiO, + Fe,0,) * 10/90, particle 
diameter = 20 na, solids content » 20%,. dispersing uedium 
= methyl alcohol, surface modifier «= 7-glyciioxypropyItri- 
ethoxysilane. 

(b) In Exaxple 7A; 90 parts cf "Queen Ticar.ic-11* 
(made by Catalysts and Chemicals Industries Co., Ltd.), 
the same one as used in Example 1. 

Subsequently, 10 parts of triaellitic anhydride was 
added. Finally, 5 parts of dicyanciamide arc 2 parts of 
levelling agent ("SILWET L-77" made by Nippca Yunika Kogyo 
Co., Ltd.) were added. 

The same procedure as in Example 4 was used for the 
pretreatment of the substrate and the formation of the 
coating film. 
Examples 8 and BA 

Each of the spectacle lenses prepared in Examples 7 
and 7A underwent vacuum deposition for coating with Si0 2 
(X/4), Zr0 2 (X/4), Si0 2 a/4), ZrO, a/4), SiQj a/4), 2r0 2 
a/4), and Si0 2 a/2) (where X » 520 nm) , in order starting 
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from the obverse. 
Examples 9 and 9A 

The same procedure as in Examples 7 and 7 A vas re- 
peated except that 10 parts of trimellitic anhydride was 
replaced by 12 parts of itaconic acid. 
Examples 10 and 10A 

Each of the spectacle lenses prepared in Examples 9 
and 9A underwent vacuum deposition for coating with SiO, 
<X/4), ZrO, (X/4), Si0 2 + Zr0 2 (X/4), and SiO, (X/8) 4 (where 
X » 520 nn), in order starting from the obverse* 
Comparative Examples 1 to 3 and 1A to 3A 

These comparative examples are intended to show the 
effectiveness of the titanium oxide-based composite fine 
particles by comparing them with titanium oxide fine 
particles. 

The same procedure as in Examples 1 to 3 and 1A to 3A 
was repeated except that the titaraum oxide-based compos- m 
ite fine particles were replaced by titanium oxide fine 
particles "Sunveil 11-1530" (made by Catalysts and Chemi- 
cals Industries Co., Ltd., Ti0 2 solids content » 30%, 
particle diameter « 15 nm) , the dispersing medium was 
replaced by methyl alcohol, and the surface modifier was 
replaced by tetraethoxysilane. 
Comparative Examples 4 to 6, 4A to 6A, 7 and 9 

The same procedure as in Examples 4 to 7, 4A to 6Aa, 
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7 and 9, was repeated except that the titanium oxide-based 
composite fine particles were replaced by titar.iua oxide 
fine particles (the same one as used in Comparative Exam- 
ple 1) . 



i 
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THE EMBODIMENTS OP THE IKVEHTIOH IK WHIQ! AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A coating composition for optical plastic mold- 
ings which comprises: 

(A) 1 part by weight of a hydrolyrate of a si lane 
compound; 

(B) 0.2-5 parts by weight of titanium oxide-based 
composite fine particles having a particle diameter of 
1-100 nm in which titanium oxide incegrally combines with 
iron oxide, with the rctio of iron oxide to titanium oxide 
being 0.005-0.15 by weight; 

(C) - 0*02-0.5 part by weight of an unsaturated or 
saturated polycarboxylj.c acid or an anhydride thereof; and 

<D) 0.C1-0.2 part by weight of a heat-curing cata- 
lyst. 

2. A coatinq composition for optical plastic mold- 
ings as defined in Claim 1, wherein the silane compound is 
one which is represented by the formula below. 

R, s VSi(OR J ) 4 _^ hJ 
(where R l denotes a C 2 -« organic group having an epoxy 
grovp; R 2 is a Cx_ 3 hydrocarbon group, halogenated hydrocar- 
bon group, or aryl group; R* is a Cj_< alkyl group, alJcoxy 
group, or acyl group; and a « 1, b ■ I or 2.) 

3. A coating composition for optical plastic mold- 
ings as defined in Claim X, wherein the titanium oxide- 
based composite fine particles are those in which titanius 

\ 
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oxide is integrally combined with iron oxide and silicon, 
oxide, with the ratio of iron oxide/titanium cxida being 
from 0.005 to 0.15 and the ratio of silicon oxide/ (iron 
oxide + titanium oxide) being from 0*03 to 0.70 by weight. 

4. A coatino composition for optical plastic mold- 
ings as -defined in Claim Jv wherein the t'itaniua oxide- 
based composite fine particles are those which are sur- 
face-modified with a silane coupling agent. 

5. A coating composition for optical plastic mold- 
ings which comprises: 

(A) 1 part by weight of a hydrolyzate of a silaue 
compound; 

<B) 0.2-5 parts by weight of titanium oxide-based 
composite fine particles having a particle diameter of 
1-100 nm in which titanium oxide integrally combines with 
silicon oxide, with the ratio of silicon oxide tc titanium 
oxide being 0-03-0.7 by weight; 

(C) 0.02-0.5 part by we>jjkit of an unsaturated or 
saturated polycarboxylic acid or an anhydride thereof; and 

(D) 0.01-0.2 part by weight of a heat-curing cata- 
lyst. 

€. A coating composition for optical plastic mold- 
ings as defined in Claim 5, wherein the silane compound is 
one which is represented by the formula below. 

R m 1 R b a Si(OR , ) 4 . u . b , 

i 
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(where R l denotes a C|_« organic group having an epoxy 
group; R 1 is a C^.j hydrocarbon group, halogenated hydrocar- 
bon group, or aryl group; R J is a C ; _« alkyl group, alkoxy 
group, or acyl group; and a « 1, b ■ 1 or 2.) 

7. A coating composition for optical plastic mold- 
ings as '.defined in Claim wherein the titanium oxide- 
based composite fine particles are those which are sur- 
face-modified with a silane coupling agent* 
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